A new staphylococcal phage, P4-2, which could convert the capability of producing staphylokinase, was isolated. The phage is different from the phage reported by Winkler and co-workers [Nature(London) 195:407-408, 1962; J. Gen. Microbiol. 39:321-333, 1965]. The former is a single-converting phage belonging to serotype B, but the latter is a serotype F phage capable of converting not only staphylokinase but also beta-hemolysin. Staphylokinase, i.e., the fibrinolysin produced by Staphylococcus aureus, therefore, can now be classified into three types. One is controlled by the genes on the bacterial chromosome, and the other two are mediated by lysogenic conversion by prophage PO-2 and the classical phage reported by Winkler and co-workers.
It has become well known since the reports of Winkler and co-workers (2, 10) that staphylococcal phage belonging to serotype F can convert two biological characteristics of lysogenized cells (2, 10) . One characteristic is production of beta-hemolysin (,8H) and the other is production of fibrinolysin, or the so-called staphylokinase (SAK). The former is converted from positive to negative, whereas the latter is converted from negative to positive.
We have recently devised a simple and effective method to remove prophage from lysogenic staphylococci (5, 7) . It is comprised of ultraviolet (UV) irradiation of the strain in question followed by treatment with ethidium bromide or acriflavine.
As is widely known, almost all the clinically isolated strains of Staphylococcus aureus are lysogenic, a majority of which produce SAK but not ,1H. Since the strain carrying a prophage of the Winkler type should present the same pattern of characteristics as mentioned above, it is also likely that there are many staphylococcal strains lysogenic to a phage of this type in the clinical strains.
The new phage in this paper was detected during the course of testing, by means of the delysogenization method, whether our above assumption is correct.
The present paper describes details of the process of isolating this phage and the results of characterization of the phage and SAK production under the control of this phage.
MATERIALS AND METHODS
Bacterial strains. S. aureus 20 and 406 were chiefly used. The former strain was kindly supplied by the Department of Bacteriology, Tokyo Medical College, Tokyo, Japan, 15 years before, and the latter strain was received from the U.S. Army Far-East Medical Laboratory, Tokyo, Japan, 5 years ago, both as the propagating strain 42D (PS42D) for the standard typing phage 42D belonging to group IV. These two strains have been used ever since in our department for phage typing of staphylococci. Both strains are typical S. aureus, producing coagulase, deoxyribonuclease, mannitase, and SAK but not ,8H. A minor difference observed between them is that strain 406 produces delta-hemolysin but not alpha-hemolysin, whereas strain 20 produces a small amount of alphahemolysin but not delta-hemolysin.
Besides these two strains, Terashima strain (TS), belonging to phage group IV, was also used. It was kindly supplied by the Institute for Medical Science, the University of Tokyo, Tokyo, Japan. This strain is highly sensitive to penicillin and has been widely used in Japan as one of the standard strains for penicillin assay. It produces coagulase, deoxyribonuclease, mannitase, alpha-hemolysin, and SAK but not ,BH.
SBA plate. Erythrocytes collected from a defibrinated sheep blood sample purchased from Shiihashi Co. Ltd., Tokyo, Japan, were washed three times with saline and pelleted by centrifugation at 2,000 rpm for 5 min. About 20 ml of nutrient agar medium previously melted at 100°C and cooled to 50°C was quickly but gently mixed in a petri dish with 0.5 ml of sheep erythrocytes taken from the pellet and allowed to harden at room temperature.
Around colonies of flH-producing (,8H+) strains grown on this sheep blood agar (SBA) plate, hazy hemolytic halos were produced that changed into clear lytic halos when the plate was kept at 4°C for 1 to 2 h, indicating so-called hot-cold lysis (4) .
Heated plasma agar plate. Fifteen milliliters of nutrient agar medium melted at 100°C and 5 ml of human plasma were kept separately at 560C for 20 min. Both were mixed together, poured into a petri dish, and allowed to harden into a solid, opaque me-dium at room temperature. When an SAK-producing (SAK+) strain was inoculated onto this heated plasma agar plate and cultured overnight at 370C, clear fibrinolytic halos were produced around the resulting colonies.
Medium for SAK production. Satoh's medium was used for SAK production (9) . It consists of 1% nutrient broth (Difco Laboratories, Detroit, Mich.), 0.3% yeast extract (Difco), 0.5% sodium chloride, and 1% glycerol with pH adjusted to 7.4.
Fibrin plate method for SAK assay. The method described by Astrup Anti-phage sera. Antisera against serotype A, B, and F phages were prepared by immunizing rabbits with purified samples of typing phages 3B, 71, and 42D, respectively.
Anti-P)-1 and anti-P4-2 sera were also prepared by immunization with purified samples of these phages, which were propagated with the delysogenized strain, Delysogenization. Five milliliters of fresh bacterial culture from the late logarithmic or early stationary phase was taken in a 9-cm petri dish and irradiated for 10 to 40 s with a UV beam emitted from a bactericidal lamp (15 W) set 45 cm above the petri dish. A portion was taken from the irradiated sample and diluted with broth to 10 to 100 times. One loop of the diluted sample was inoculated onto agar plates containing either ethidium bromide or acriflavine in a final concentration of 0.25 or 2.5 ,ug/ml, respectively. One important requirement for the procedure was to inoculate the first third of the plate thickly and the remainder in the usual way. In this way, the delysogenized cells were enabled to form so-called motheaten colonies as a consequence of infection by the surrounding phage particles that burst out from the UV-induced cells. Such a moth-eaten colony was fished up and inoculated onto the usual agar plate. Confluent lysis could usually be observed in the area where the inoculation was started, whereas most of the colonies produced near where the inoculation was ended would be healthy ones (delysogenized and remaining uncontaminated). From the confluent lytic area, a temperate phage (P4)) generating from the prophage contained in the parent strain could be isolated, whereas a delysogenized strain (DL) could be isolated from the healthy colonies produced around the end of the inoculation.
Isolation of P4) and DL strain. Several agar blocks cut out by platinum loop from the confluent lytic area were put into broth in a conical tube and washed away by pipetting the solution. The wash solution was centrifuged and filtered through a membrane filter (Millipore Corp., Bedford Mass.) with a 0.45-um pore size. Plating of the appropriately diluted solution of this filtrate with the DL strain described below by the soft-agar layer method resulted in plaque formation. The P4) originating from the prophage contained in the parental coccal strain (OL) was thus isolated from these plaques and developed with the same DL strain.
On the other hand, the healthy colonies produced around the end of the inoculation mentioned above were isolated and grown as pure cultures. These cultures were then examined for sensitivity to the P4) mentioned above, and the cultures shown to be sensitive were further confirmed not to produce or release a phage capable of lysing either the OL or the respective DL strain even when induced by UV irradiation.
When both these conditions were satisfied, the isolates were established as the DL strain. Delysogenization of strain 20. Experimental results with strain 20 were much more complicated than those with strain 406. Figure 2 is a summary of the results obtained. Two kinds of DL strains were obtained from the motheaten colonies found in the first delysogenization of this strain. One of them, DL-1, was 8H-. SAK+, just like the parent, OL-20, and the other, DL-2, was changed to ,fH+ but remained SAK+.
These two DL strains were found to remain lysogenic, since the filtrate of a mixed culture of DL-1 and DL-2 could cause lysis of the cells of both strains. A second delysogenization was, therefore, separately applied to these two DL strains. The DL strains obtained from these two DLs were all named DL-3, since they were finally shown to be one and the same in respect to their biological properties as well as their phage sensitivities. Double conversion, from ,8H-SAK+ to f8H+SAK-, resulted from the delysogenization of DL-1 to DL-3, and single con- (iii) Converting ability. As described above, P)-i1 had a capability of double conversion, from ,BH+SAK-to ,H-SAK+, and P4-2 had only the capability of converting from SAK-to SAK+.
In this respect, P4-1 corresponds to T4-42D, since the latter is also reported by Winkler et al. to be a double-converting phage (10).
However, the converting ability of the T4-42D used in the present study could not be proven. In our experiment, this phage was found to be virulent to all tested strains, and its infection always resulted in no lysogenized cells. Nevertheless, it was found in our experiment (Fig. 3 ) that it could induce production of SAK in infected cells. At various intervals after a fresh broth culture of DL-3 was infected with this phage, samples were taken from the infected culture, immediately filtered through membrane filters (Millipore) with a pore size of 0.45 ,um, and examined for SAK activity by the fibrin plate method as well as for plaque-forming units. The infected cells began to produce and release SAK into the medium about 20 min after infection and a further 20 min later began to release progeny phage particles (Fig. 3) . Therefore, it was indicated that the T4s-42D used in the present study at least possessed the genome of converting SAK from negative to positive, although nothing definite can be said of the ,fH-converting genome. VOL. 18, 1977 Comparison of SAK produced by P4)-i and P4P-2. Figure 4 shows the bacterial lawns of OL-20, DL-1, OL-406, DL-2, DL-3, and DL-406 grown on a heated plasma agar plate. Fibrinolytic halos were produced around the colonies of OL-20, DL-1, OL-406, and DL-2, but not around those of DL-406 and DL-3 (Fig. 4) . The largest halo was found for the colony of OL-20, followed by DL-2 and then DL-1 and OL-406, which were nearly the same size and the smallest. From these results, it is suggested that P4-2 can induce a larger amount of SAK than PO-1 does, and the largest amount of SAK, produced by OL-20, is due to the total SAK induced by Pqb-i and P4)-2, contained in this strain. The same things were observed with the DL-TS strains, which were lysogenized with P4-1 or P4-2.
The quantities of SAK produced under the control of P4-1 and PO-2 were more accurately determined and compared by means of the fibrin plate method. Table 2 indicates the results. SAK induced by P)-2 was clearly shown to be greater in quantity than that induced by P4)-1, either in DL-3 or in DL-TS, and the amount of SAK produced in DL-TS was larger than that produced in DL-3 ( Table 2) . Effects of P4-1 and Pfr2 on ,BH production. Figure 6 shows the result of a microOuchterlony precipitation test. The center well was filled with the antiserum, and wells SAK-0, SAK-1, and SAK-2 were filed with SAK samples produced by OL-TS, RL-TS(4)-1), and RL-TS(O-2), respectively. Single precipitation lines that were fused with one another at both ends were seen between the center well and the three surrounding wells, indicating that the three SAKs in the wells were serologically identical. DISCUSSION By means of a delysogenization method comprised of UV irradiation and ethidium bromide or acriflavine treatment, P4-2 was isolated together with P4-1 from OL-20, one of the strains used as PS42D in our department. One more, though minor, difference can be seen between the quantities of SAK induced by P4)-2 and Pp-1. The former amount seems always to be larger than the latter (Fig. 4, Table  2 ) irrespective of the host cells in which the phage-mediated production of SAK is taking place. Consequently, this difference can be ascribed to the difference between the SAK genomes themselves in these two phages, although its true nature is still unknown.
On the other hand, it is also of interest to note that the SAK mediated by P4-2 is serologically identical to that mediated by P4-i. Details of the serological investigation of SAK produced by lysogenic conversion will be presented elsewhere (3, 5) .
In conclusion, whatever is the essential mechanism in the lysogenic conversion of SAK, three types of SAK can be classified for the present. The first one is produced under the control of the serotype F, double-converting phage; the second is controlled by P4-2, belonging to serotype B; and the third is controlled by the chromosomal genes of the bacterial cells, independent of their lysogenicities.
As for the last case, we know many cases of staphylococci, though not described here, that are not lysogenic but are SAK+. For instance, strain 248,BH, which has been used in our department (6) , is nonlysogenic and ,BH+SAK+. Similar strains, which are SAK+ independently of their lysogenicities, were also described in the paper by Winkler et al. (10) .
In this respect it should be finally noticed that there may be additional strains that are defective-lysogenic for the Winkler-type phage, such as Terashima or the phage of Pp-2 type.
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